Graphene oxide (GO) is becoming increasingly popular for organic electronic applications. We present 
However, PCEs and lifetimes remain limited due to the use of Poly(3,4-ethylenedioxythiophene) poly(styrenesulfonate), (PEDOT:PSS) -the most commonly utilised hole-transport layer (HTL) material to date. PEDOT:PSS, while an excellent material for hole injection, shortens device lifetimes due to its high acidity and hygroscopic nature. 2 As a result, replacement air-stable, long lifetime, solution processable and inert HTL materials are being investigated. 3 Many exciting carbon-based materials have been recently developed applicable to large area electronics.
Graphene is a highly conducting material that has attracted considerable interest due to its physical, chemical and electrical properties, 4 and its potential to be used as a transparent conducting material.
Recently, lab-scale graphene devices have been demonstrated via transfer subsequent to chemical vapor deposition, 5 or by solution processing, e.g. inkjet printing. 6 However, depositing high quality graphene over large areas without conductivity-limiting defects is difficult and requires high temperatures and vacuum conditions for production. 5 In contrast, graphene oxide (GO), a graphene derivative, can be solubilized in water and combined in solution with a variety of organic and inorganic materials. 7 It retains the high transparency of graphene, and has a work-function similar to PEDOT:PSS, making it a suitable HTL replacement. 8 Chemical modification of GO or combination with different materials also allows for tuning the workfunction, broadening the applicability. 9 Here we evaluate the performance of large area (0.64 cm 2 )
PCDTBT:PC 70 BM solar cells incorporating a GO HTL, and compare the performance with OPV incorporating PEDOT-PSS. The GO was examined using UV-visible and Raman spectroscopy (not reported), FTIR (See supplemental material) 12 and compared to the literature, 13, 14 to confirm material quality and purity. The Table 1 and are calculated using the following equations.
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where, I, J and E are the current, current density and electric field respectively; A* is the modified Richardson constant; h, k, e, and m* are Plank's constant (= 6.626x10 -34 C), the Boltzmann constant (= Ohm's law, J  V, at low voltages. At higher voltages, the slope of the graph increases to J  V n where n > 8 after the trap filled limit, V TFL . If trap-modified SCLC is occurring, the curve will continue on this slope until all the traps are filled, and the current returns to a trap-free situation, i.e. a J  V 2 relationship. 17 Although there is no evidence of significant portions of the graph displaying a J  V 2 character, a trap-modified SCLC mechanism may occur in our diodes, as a number of polymer films, including thiophene based polymers, have been found to have SCLC using ITO substrates as hole injectors. 25 Although the barrier heights (ϕ S = 0.4-1.0 eV) of the Schottky plots are in the expected range, the relative permittivities (ε r = 0.01-0.08) are low, suggesting this mechanism does not accurately represent the measured data. However, the barrier heights (ϕ PF = 0.2-0.8 eV) and the relative permittivities (ε r = 3-9) of the majority of the PF plots are in the expected range, suggesting that a PF conduction mechanism is occurring in our devices. Taken together, it is possible that the conduction mechanism is SCLC with a PFfield dependency typical of a hopping mechanism, which is supported by similar PF conduction identified in other polymer blends. 26, 27 The presence of trap states in the polymer can also be supported 
Accepted for publication in Applied Physics Letters 6
When illuminated with AM1.5 G solar radiation, (Figure 2 ) the short circuit current (J sc ) is similar when switching from PEDOT-PSS to GO ( Table 2 ). The fill factor increased for GO devices using TiO x ETLs (from 53.3% to 56.0%), but dropped in devices using BCP ETLs (58.7% to 53.7%), possibly due to incomplete coverage of the BCP over the PCDTBT:PC 70 BM film. As a result of these differences, there is a negligible decrease in power conversion efficiency (PCE) between PEDOT-PSS and GO for TiO x devices (5.3% vs. 5.1%), but a larger difference for BCP devices (6.0% vs. 5.0%). The reproducibility of device performance can be illustrated by the BCP devices (0.64 cm 2 ), fabricated on different days, which display an average PCE of 4.9 (0.2) % (n=3).
Improvements are consistently observed when comparing GO-incorporated devices to those with no HTL, with almost double the PCE with GO. Analysis of the series (R se ) and shunt (R sh ) resistances for all devices (Table I) shows that in all cases R sh is lower for the GO devices suggesting higher charge carrier losses occurring with GO. These losses can be due to misalignment of the band levels between GO and PCDTBT:PC 70 BM, short-circuit pathways or charge / mobility imbalances in the device, inducing carrier recombination. Interestingly, the R se of GO inclusive devices, versus PEDOT-PSS, increases with a BCP ETL, but decreases with TiO x , directly related to the differences observed in the FF and PCE.
Analysis of the device physics and morphology will give an insight to the origin of these different values.
It should be highlighted that the PCEs seen here (η ~5%) for our GO based devices are the highest reported for this size (0.64 cm 2 ). Comparing with literature, our GO based devices fare well (See supplemental material) 12 . Typically, comparative devices using different active layers produce a similar relationship between the efficiencies of GO and reference PEDOT:PSS cells. As device efficiencies are known to decrease with increasing active area, 30 and reported efficiencies for other OPV incorporating GO were for comparatively smaller active areas, our PCEs are a record for their size, and a milestone in the development of large area OPV.
The external quantum efficiency (EQE) of the GO cell (Figure 2 ) mirrors the shape of the HTLfree device with a maximum at approx. 400 nm and a plateau extending from approx. 440 to 545-580 nm.
In comparison, EQE for devices containing PEDOT-PSS show a decrease in EQE to approx. 450 nm for Accepted for publication in Applied Physics Letters 7 BCP as the ETL, and to about 400 nm for TiO x as the ETL, attributed to the absorption maximum for PEDOT-PSS, and remain relatively constant for the rest of the wavelength range. Regardless of the ETL used, EQE is increased for GO devices over those without an HTL, although less enhancement is seen for devices with TiO x . The difference in device efficiencies between PEDOT-PSS and GO incorporated devices can partially be explained by the difference in their EQE maxima-with the decrease seen for GO in the green to red region relative to PEDOT-PSS, equivalent to the maximum absorption range for PCDTBT:PC 70 BM. In all cases however, the peak EQE approaches 65-72%, with the wavelength range of EQE > 50 % lies typically between 345-620 nm.
We have demonstrated that GO is an efficient HTL, producing device performances (PCE ~5%)
for 
